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Introduction
Flower-visiting insects show a number of features that are interpreted as adaptations to floral morphology. A very striking example of this is the elongate proboscis permitting exploitation of deep corolla tubes (e.g. Schremmer 1961) . Although proboscis length has been studied from ecological and evolutionary points of view in many insects (e.g. Harder 1982; Nilsson 1988) , few attempts have been made to investigate the details of morphological modifications in mouthparts in context with concealed nectar sources.
Adult Bombyliidae (bee-flies) include forms with short and long proboscides, and all are regular flower visitors (Fig. 1A) . The evolution of this family is considered to be intimately connected with the evolution of spermatophytes (Zaitzev 1983; Dong Ren 1998) . Although bee-flies are well suited for the study of mouthparts as adaptations to floral morphology, the subject has been largely neglected. For our study, we chose two species of equal body length (Engel 1938) but differing significantly in proboscis length. The short, clublike proboscis of Hemipenthes morio, while at rest, is totally withdrawn into the oral cavity (Dimmock 1881; Hansen 1884) . In contrast, the proboscis of Bombylius major is approximately as long as the body and in its resting position projects horizontally beyond the rim of the oral cavity (Dimmock 1881; Hansen 1884; Yeates 1994) .
A short proboscis with broad labella is regarded as plesiomorphic for the Bombyliidae (Zaitzev 1981) . Usually such Bombyliidae visit flowers with freely exposed nectar (Knuth 1898; Graenicher 1910; Dusa 1968) . In contrast, species with a long proboscis, such as B. major, feed on a wide range of flowers having exposed as well as concealed nectaries (Graenicher 1910; Knoll 1926; Knuth 1898, personal observation) , including blossoms that (1) open on the side, (2) have long and / or (3) narrow corolla tubes. The aim of this study is to discuss morphological innovations of the long proboscis of B. major that can be regarded as adaptations to concealed nectar sources.
Prior to feeding, bee-flies with a short proboscis unfold their proboscis to a vertical position (Dimmock 1881; Szucsich  © 2002 The Royal Swedish Academy of Sciences . In contrast, species with long proboscides can feed not only in the unfolded vertical position but also in an extended horizontal position, such as while hovering in front of blossoms that open on the side (Dimmock 1881; Grimaldi 1988) . Unfolding the proboscis involves three distinct submovements: (a) the rotation of the fulcrum against the head capsule, (b) the folding of the haustellum and maxillary base against the fulcrum, and (c) the evagination and invagination of the labial base (Szucsich and Krenn 2000) . One part of this study will focus on the underlying morphological and kinematic differences that enable B. major to additionally forage with a horizontally positioned proboscis. Dimmock (1881) and Hansen (1884) have already interpreted the long proboscides in Bombyliidae as an adaptation to feeding from long corolla tubes. Along with the elongation of the proboscis, it can be expected that additional specializations have taken place, regarding, in particular, the increased demands in pumping mechanisms, and the coupling and sealing of structures. After clarifying which parts of the proboscis take part in the elongation, it was determined how the increased demands in pumping mechanisms and sealing structures are met.
Flies with a short proboscis, such as H. morio, spread their labella onto the surface, sucking in the sponging feeding mode (Szucsich and Krenn 2000) . Extracting nectar out of narrow corolla tubes requires a proboscis which functions as a 'drinking straw', since the narrowness of the floral tube would prevent the labella from spreading. The aim of the study was to elucidate the relationship of the shift from a sponging feeding mode to sucking alone with modifications of structures corresponding to food-intake and the distribution of saliva. Whether the shift is accompanied by changes in the movability and musculature of the labella will be discussed along with the feeding behaviour of the species.
Material and Methods
Both males and females of Bombylius major Linnaeus 1758 and Hemipenthes morio (Linnaeus 1758) were compared using serial semithin sections and scanning electron microscopy (SEM). The species were collected in the surroundings of Vienna, Austria. During collection, the flowers visited and when possible the positions of the proboscis and labella during feeding were registered. Fig. 1-A. Heads of H. morio and B. major with proboscis in resting position; while the proboscis of H. morio is withdrawn into the oral cavity, the proboscis of B. major while at rest projects horizontally beyond the head capsule. -B. Proportions of the single components; the fulcrum as the sclerotized component of the basal unit has approximately the same length in both species, the components of the central and distal unit are prolonged in B. major ; cb, cibarium; cl, clypeus; ef, epifurca; fu, furca; ka, kappa; la, labella; lb, labial base; lc, lacinia; ls, labial stalk; ma, maxillary apodeme; mp, maxillary palp; mt, maxillary trough; pf, praementofurcal sclerite; pp, paraclypeal phragma; pr, praementum.
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Head dissections were prepared from specimens fixed in 70% ethanol or Duboscq-Brasil (cf. Romeis 1989) .
The serial semi-thin sections were prepared by fixing the specimens in Duboscq-Brasil solution, followed by dehydration in ethanol and embedding in ERL-4206 epoxy resin. The sections (1 µm wide) were stained for approximately 30 s in a mixture of 1% Azure II and 1% methylene blue in an aqueous 1% borax solution diluted 1 : 20, at 90 °C.
For SEM views, heads were fixed in Duboscq-Brasil solution, dehydrated in ethanol and submerged in hexamethyldisilazane prior to air drying (Bock 1987) . The specimens were mounted on viewing stubs with a graphite adhesive tape; the samples were gold sputtered and examined in a Jeol JSM-35 CF scanning electron microscope.
Reconstructions of the head and functional diagrams of the proboscis were performed on an Apple MacIntosh computer based on drawings of the semithin sections and head dissections.
Results
General features of the proboscis and differences in component lengths
The overall design of the proboscis is similar in both species. The proboscis consists of three moving units; (1) the fulcrum as the basal moving unit, (2) the coupled haustellum and maxillary base as the central unit, and (3) the labella as the distal unit (Szucsich and Krenn 2000) .
The fulcrum is composed of the fused clypeus and cibarium. It is the only component of the proboscis that directly articulates with the head capsule via the fronto-clypeal suture. Both subunits of the fulcrum have approximately the same length in the species compared here (Table 1, Fig. 1B) , the cibarium differs only in width ( Table 2 ).
The main differences in length are found in the central unit of the proboscis ( (Fig. 1B) . On the basal end of the trough is a rod, the maxillary apodeme, which projects into the lumen and functions as a lever for the haustellum. On the ventral side, the maxillary trough is separated from the head capsule by the ventral rostral membrane. Both the maxillary trough and the ventral rostral membrane are almost twice as long in B. major as in H. morio (Table 1 , Fig. 1B ). Apically the maxillary base is functionally coupled with the haustellum, since it is continuous with the laciniae. The haustellum is made up of the paired laciniae, the unpaired labrumepipharynx, the hypopharynx and of the unpaired part of the labium. Each of these components of the haustellum is greatly elongated in B. major, but to varying degrees ( Table 1 , Fig. 1B ). The epipharynx forms a half-tube that opens ventrally and serves as the food canal. It is sealed by the hypopharynx, which is traversed by the salivary duct (Fig. 2 ). Both the epipharynx and the hypopharynx articulate with the cibarium. The laciniae are situated laterally on both sides of the labrum -epipharynx and hypopharynx. All these mouthparts lie within the labial gutter. The unpaired part of the labium can be divided into the membranous basal region and the sclerotized labial stalk. The ventral side of the labial stalk is strengthened by the praementum, the floor of the gutter by the hypoglossa and the walls by the paraphyses. The paired and movable labella make up the distal portions of the labium. In B. major they are 3.4 times as long as in H. morio. Their inner surfaces show a system of minute channels, the pseudotracheae (Fig. 3) .
During feeding the proboscis is extended to its maximal length. This maximal operational length of the proboscis is represented by the sum of the lengths of the ventral rostral membrane, the maxillary trough, the weakly sclerotized labial base, the labial stalk and of the labella. It is 2.4 mm in H. morio, against a body length of 6.5 -14 mm. In B. major the mean proboscis length is 11.2 mm, equalling its body length of 9-11.5 mm (Table 1) .
Morphological innovations of the proboscis in B. major
Apart from the differences in length, several morphological innovations were found in the proboscis of B. major that are essential for its novel feeding capabilities. These include modifications of (1) the central proboscis unit, which influence proboscis movability, (2) suction pumps and (3) sealing structures, as well as of (4) labial and (5) labellar features. The short proboscis of H. morio is totally withdrawn into the oral cavity of the hemispherical head capsule during rest (Fig. 1A) . Due to the increased height of the labella as compared to the labial stalk (Table 2, Fig. 1B ), the proboscis shape is clublike. In contrast, the labella of B. major have the same height as the labial stalk (Table 2, Fig. 1B ). Its proboscis is lance-shaped and at rest projects horizontally far beyond the rim of the oral cavity (Fig. 1B) .
Central proboscis unit. While the basal moving unit is similar in proportion and musculature, major differences are found in the central moving unit. On the ventral side of the proboscis, both the ventral rostral membrane and the maxillary trough are nearly twice as long in B. major as in H. morio. The lengthening of the flexible ventral rostral membrane increases the freedom of motion of the central portion of the proboscis against the head capsule. The differences in the length of the maxillary trough are accompanied by a modified maxillary musculature. The retractor of the laciniae 
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in H. morio originates on the back of the head (M. tergolacinialis), while in B. major its origin is shifted to the base of the posterior tentorial arm (M. tentorio-lacinialis). The M. tergo-maxillaris has approximately the same origin in both species; in H. morio it attaches medially on the maxillary trough, while in B. major it attaches laterally on the stipital rim. The course of M. fulcro-stipitalis medialis, a maxillary rotator, hardly differs between the two species, while the M. fulcro-stipitalis lateralis in B. major has shifted its origin from the sidewalls of the cibarium to the paraclypealphragma. The maxillary palps of H. morio are curved (Fig. 1B) while those of B. major are straight. In the latter species long and curved bristles ventrally enclose the basal proboscis (Fig. 1A,B) .
In B. major, the highly elongated, membranous labial base when at rest is considerably more deeply invaginated into the head capsule than in H. morio. The M. tergo-labialis of H. morio originates on the back of the head and attaches at the base of the praementum. In B. major, its origin is shifted to the vertex of a cuticular pocket ('occipital pocket', Yeates 1994), which is formed by the anterior and posterior tentorial arms, and it attaches to the middle of the membranous labial base.
Suction pumps. Hemipenthes morio and B. major possess two distinct pumping structures for sucking fluids up the food canal. Both structures, the labro-epipharyngeal pump within the haustellum and the cibarial pump differ between the investigated species. The epipharynx is evenly sclerotized in 
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The Royal Swedish Academy of Sciences both species, while the labrum of H. morio is strongly sclerotized only in its central third, in B. major it is sclerotized over its whole length. Accordingly, the fibres of M. labroepipharyngealis originate in B. major over the entire length of the labrum, while in H. morio they originate only on the central third. This means that the labro-epipharyngeal pump in B. major is about 16 times longer than in H. morio ( Table 2) . Since the diameter of the food canal is roughly the same in both species, it is reasonable to conclude that the fluid pump in B. major is more effective.
The cibarium has approximately the same length in both species, but differs significantly in width (Table 2) . In H. morio it is oblong, with a length to breadth ratio of about 3 : 1. In contrast the cibarium of B. major is almost round, with a ratio of 1.6 : 1.
Sealing structures. While the mean diameter of the food canal is nearly the same in both species, the labrum of B. major is broader due to lateral protrusions of the labral roof (Table 2 , Fig. 2B ). These protrusions extend over the sidewalls of the labial gutter.
Additional differences are apparant in the membranous folds between the epipharyngeal food canal and the hypopharynx. In H. morio, the upper side of the hypopharynx forms nonsclerotized folds, which lie directly over the laciniae ( Fig. 2A) . In B. major however, the lengthwise folds are derived from the membranous stripe that separates the labrum from the epipharynx (Fig. 2B) .
Labial features. The proboscis of B. major is not only longer but also narrower than that of H. morio. This is true for both the haustellum and the labella. In B. major, the height and width of the labial stalk, as well as the height of the labella are reduced as compared to H. morio (Table 2) . While the labial stalk of H. morio shows a constant circumference over its whole length, in B. major it has a bulblike enlargement at the base (Fig. 1B) . The heads of M. praemento-kappalis and M. praemento-epifurcalis lie entirely in the bulb. Tendons run along the remaining length of the labial stalk to their attachment sites.
Apical to the praementum in H. morio is a relatively long portion of the ventral labial stalk that is weakly sclerotized. In this region there are two paired sclerites, the kappa and the praementofurcal sclerite. The latter diverges from its articulation with the median rim of the praementum toward its joint with the furca. It articulates not only with the furca but also with the ventral rod of the sclerite of the collecting channel. In contrast, the praementum in B. major nearly reaches the labellar articulation. Thus the ventral sclerite of the collecting channel can directly articulate with the praementum. In the short unsclerotized region of the labial stalks only the kappa is present, the praementofurcal sclerites are totally absent.
Labellar features. Remarkable differences are evident in the arrangement and the course of the pseudotracheae between the two species. In H. morio, 14 -20 pseudotracheae in a right angle run into the collecting channel, which is orientated in the longitudinal axis of the labellum (Fig. 3A) . The single channels terminate blindly on the inner surface of the labellum (Fig. 3B) . Their diameter varies from about 10 µm on the blind end to 38 µm where they unite with the collecting channel. The pseudotracheal system in B. major is reduced with only three channels orientated in the longitudinal axis of the narrow labella (Fig. 3C) . Basally the three channels run into a short collecting channel, and apically they open into the labellar margin (Fig. 3D) . The diameter of the ventralmost channel varies from 15 to 30 µm, and the dorsal-most varies from 20 to 54 µm.
In H. morio, the inner labellar surface between the pseudotracheae is folded parallel to the channels (Fig. 3B) . In addition to interpseudotracheal papillae, other sensilla campaniforma are present that lie immediately in front of the blind ends of the pseudotracheae, on the margin of the inner labellar surface. Similar sensilla in Syrphidae were called terminal organs by Schuhmacher and Hoffmann (1982) . Bombylius major has neither terminal organs nor folding of the labellar surface.
There are numerous differences with regard to the outer labellar surface (Fig. 1B) . The weakly sclerotized labella of H. morio have only two strongly sclerotized regions. Laterally on the base of the labellum lies the longitudinal furca. This sclerite articulates with the kappa and the praementofurcal sclerite of the distal labial stalk. The longitudinal epifurca lies somewhat distal to the middle of the labellum. On its base is a rim that projects into the lumen of the haemocoel. In B. major, nearly the whole outer side of the labella is more strongly sclerotized than in H. morio. Basally the furca articulates directly with the praementum and the kappa. On the ventral side, apical to the middle of the labellum, lies the small epifurca. The tendon of the M. praemento-epifurcalis attaches to the thornlike apodeme of the epifurca. Basal and lateral to the epifurca is a small, weakly sclerotized region in the outer wall of the labellum. If the tendon of the M. praemento-epifurcalis in B. major is pulled, the labellum bends dorsolaterally.
In B. major the outer side of the labella, like the labial stalk, is evenly covered with short microtrichia and longitudinally furrowed, about 15 µm long sensilla trichodea. Along a sclerotized rim on the ventral margin between the outer and inner sides of the labella are long, smooth and slightly curved bristles which increase in length toward the base of the labella from 25 µm to 100 µm. These lateroventral bristles are the only bristles that are not longitudinally furrowed. The specific shape of the bulblike bases prevents an outward deflection of the bristles. If the labella are held together tightly, the bristles of both labella mesh together (Fig. 4) , and thus constitute an interlocking mechanism of the labella. In H. morio, there are no such smooth bristles. The longitudinally furrowed sensilla are 25 -150 µm long and are restricted to two regions. The longest sensilla lie on the lateroventral margin of © 2002 The Royal Swedish Academy of Sciences  the outer side of the labella. Shorter ones also occur in the furcal region on the base of the labella.
Despite the different shapes of the labella, no differences could be observed regarding the course of the inner labial muscles between the two species. Both species have three pairs of muscles, all of them originating on the praementum. One attaches to the paraphysis, another to the kappa, and the third to the epifurca.
Discussion
The interrelationship of flowers and their visitors is marked by evolutionary interactions of the partners. Schremmer (1961) listed numerous interactions, such as morphological adaptations of flowers and visitors, correlations between the colour and scent of flowers with visitor sensory precpetion, the correspondence between flowering time and visitors' time of activity, and the geographical distribution of the mutualistic partners. Diptera are underrepresented in the number of publications on the interrelationships between flowers and their visitors. Only a few publications deal with morphological adaptations of flies to flowers (Gilbert 1981; Deyrup 1988, Gilbert and Jervis 1998) . Several other aspects have been treated in the literature, such as flower preferences and flower constancy (Knuth 1898; Graenicher 1910; Langhoffer 1910; Toft 1984; Grimaldi 1988) , optical and olfactory factors in selecting different flowers (Knoll 1926) , behaviour on blossoms (Evenhuis 1983) , and examples of highly specialized pollination syndromes (e.g. Johnson and Steiner 1994) .
Almost nothing is known about the evolutionary innovations allowing the exploitation of nectar from concealed sources. Over a century ago Dimmock (1881) and Hansen (1884) believed the long proboscis of B. major to be an adaptation to deep corolla tubes. In our study we furthermore discuss the narrowing of the proboscis as a putative adaptation to narrow corolla tubes and the ability to feed with an horizontally positioned proboscis while hovering as an adaptation to blossoms which open on the side and which offer no possibility of landing.
Bombyliidae with short proboscides, like H. morio, mainly feed on flowers with exposed food resources, while species with long proboscides can take food from a wide range of different types of blossoms. B. major feeds on blossoms with freely exposed rewards, as well as on flowers with nectar spurs of various lengths and widths some of which open on the side. We now discuss those morphological features that can be regarded as morphological innovations providing the ability to exploit a variety of blossom shapes.
Feeding on flowers that open to the side
Bombyliidae with short proboscides, such as H. morio, as well as those with long proboscides, such as B. major, can feed with a vertically unfolded posture of the proboscis. However, only the latter species can additionally take up food with a proboscis in a horizontal posture while hovering in front of blossoms. Nonetheless the general morphology as well as the mechanisms of proboscis movement are very similar in both species (Szucsich and Krenn 2000) .
The ability to take up food with different proboscidial positions is mainly restricted by the angle between the food canal and the cibarium. This angle changes when the haustellum flexes against the fulcrum. In H. morio, when the fulcrum is rotated out of the oral cavity, the haustellum and the maxillary base cannot flex against the fulcrum because the ventral rostral membrane is already fully stretched out (Fig. 5C ). In B. major, this movement is possible, due to the lengthening of the ventral rostral membrane and the maxillary trough (Fig. 5C,D) , which increases the freedom of movement of the central moving unit. The functions of the sclerites and muscles that take part in these movements however, are the same in both species. The shift of the origin of the M. fulcro-stipitalis lateralis to the paraclypeal-phragmata in B. major may be correlated with the enhancement of this movability. Since, in the resting position, the angle between cibarium and food canal in B. major is more obtuse than in H. morio, the proboscis of the former can probably take up 
Feeding from deep corolla tubes
For biomechanical reasons, an increase in proboscis length entails increased demands in sealing structures and pumping mechanisms (Kingsolver and Daniels 1995) . Comparison of the sealing structures reveals two main differences. Lateral protrusions of the labrum definitely increase the efficiency of sealing in B. major. The concave sidewalls of the labrum are surrounded by winglike paraphyses, and the protrusions of the labrum act as a cover to the labial gutter (Fig. 2B) . In both species, membranous folds help to tighten the epipharyngeal food canal. In H. morio, nonsclerotized folds of the upper side of the hypopharynx are pressed against the epipharynx by the laciniae (Fig. 2A) , while in B. major folds of the labrum-epipharynx are pressed against the hypopharynx (Fig. 2B ). Whether this difference contributes to an improvement of sealing the food canal in B. major cannot be decided from morphological data alone.
The expected enforcement of the feeding pumps in Bombyliidae is reached by the fact that the labro-epipharyngeal pump is elongated automatically along with the elongation of the labrum-epipharynx. Thus, the invention of the labroepipharyngeal pump within Brachycera facilitated the evolution of long proboscides. In B. major the elongation of the pump even surpasses the elongation of the labrum -epipharynx since the M. labro-epipharyngealis in this species attaches over the entire length of the labrum and not only to a portion of it as in H. morio. An additional strengthening of the pumping force in B. major is achieved by a broadening of the cibarium (Table 2, Fig. 1B) .
Feeding from narrow corolla tubes
Modifications in the feeding mode are necessary before Diptera with plesiomorphic proboscides can feed from narrow corolla tubes. Hemipenthes morio takes up fluids according to a sponging feeding mode (Dimmock 1881) . For this, the labella are flexed against the longitudinal axis of the proboscis and spread open so that their inner sides form a slightly concave disc (Szucsich and Krenn 2000) . Fluids can be taken up by capillary action along a spacious surface. In contrast, the proboscis of B. major functions as a drinking straw whereby fluids are drawn up through a very small area and the labella project longitudinally.
The following morphological modifications are connected with the shift to an exclusively sucking proboscis. The labellar surface in H. morio is largely due to the cushionlike design of these organs, whereas the labella in B. major are very narrow. This enables the proboscis to be inserted into narrow corolla tubes.
The pseudotracheal system serves to distribute saliva (Schuhmacher and Hoffmann 1982) . In H. morio, the saliva is spread over the entire inner labellar surface by means of the comblike arrangement (Fig. 3A) of blindly ending channels (Fig. 3B) . In B. major, the saliva can be distributed even when the labella are closed due to the fact that the pseudotracheae open into the labellar margin (Fig. 3D) .
In H. morio, the sensilla of the labellar margins are most probably involved in the perception of food. The shorter sensilla of the labellar base probably serve to perceive the position of the labella with respect to the labial stalk. Similar sensilla are found in the so-called 'Furkalorgan' and have been described in Calliphora erythrocephala (Peters 1963) and Phormia regina (Wilczek 1964) . The evenly distributed sensilla of B. major, participate not only in food recognition but probably also in the perception of the diameter of corolla tubes. The long and smooth bristles along the labellar margin might constitute a ventral sealing mechanism of the labella (Fig. 4) .
Labellar movements
To attain a feeding position other moving mechanisms are needed in the sponging feeding mode than in a proboscis which functions as a 'drinking straw'. The labella of H. morio while taking up food form a slightly concave disc. To attain this oral disc the labella are flexed against the labial stalk and then spread (Szucsich and Krenn 2000) .
All three inner labial muscles are involved in this forward movement or the backward movement, respectively. While sucking with a proboscis which functions as a 'drinking straw', the labella of B. major are neither flexed nor spreaded. Thus it could be expected that the muscles would be reduced in this species, however, all three muscles are present. The continued presence of the M. praemento-paraphysalis can be explained by its secondary function in closing the labial gutter. A drawing in Grimaldi (1988) shows B. major sucking with dorsolaterally bent labella. This position can be obtained by contraction of the M. praemento-epifurcalis. The backward movement is most probably due to the elasticity of the labella (especially the ventral rim). On what plants nectar is obtained when the labella are bent and how often this occurs must await further observations. The evolutionary persistence of at least two muscles can thus be explained by additional or new functions. The reason why the third muscle, the M. praemento kappalis, is present and not reduced is probably related to the fact that both species feed not only on nectar but also on pollen (Knoll 1926; Deyrup 1988; Grimaldi 1988) . As in the Syrphidae (e.g. Gilbert 1981) , anthers are taken between the labella and rubbed to split the pollen into single grains (Dimmock 1881, personal observation) . The grains are suspended in saliva and sucked up the proboscis. This rubbing motion, which is achieved by alternating flexions of the labella against each other, has not been mentioned in functional descriptions of labellar action (Graham-Smith 1930; Schiemenz 1957) . The resting position, in which the labella are longitudinally aligned with the haustellum, is retained by contraction of the M. praemento-kappalis of the respective side.
The most noticeable difference in the labellar joint between the species is the reduction of the praementofurcal sclerite in B. major. This sclerite in H. morio is involved in the spreading of the labella, a movement which is not utilized when feeding on pollen.
Comparison of short and long proboscides in Bombyliidae reveals numerous morphological features in the long proboscis forms that can be interpreted as adaptations to additional nectar sources, enabling these flies to suck up nectar from blossoms that open on the side or from long and /or narrow corolla tubes. A comparative study on the mouthparts in other brachyceran flies with long proboscides, such as Tabanidae, Nemestrinidae, Empididae, or Conopidae, would be of special interest with regard to these findings. Similar modifications, which accompany the elongation of mouthparts are certainly present in other groups of flowervisiting insects, but comparative studies are still lacking. In higher Lepidoptera it could be demonstrated that an evolution of the coupling and sealing structures took place that is clearly associated with the elongation of the proboscis. In addition, a novel type of sensilla near the apex of the proboscis is regarded as an adaptation to the localization of nectar in deep floral tubes (Charlanes 1960; Krenn and Kristensen 2000) . In bees (Apoidea, Hymenoptera), it has been shown that modifications at the base of the mouthparts are correlated with an increased functional length of the proboscis and modified efficiency in fluid feeding (Harder 1982 (Harder , 1983 Plant and Paulus 1987) .
In summary, it is hypothesized that the evolution of greatly elongated mouthparts in nectar-feeding insects is accompanied by additional morphological modifications, such as the coupling and sealing of the food canals, enhanced fluid pumps, solutions for storing a long proboscis at rest, and an increased flexibility of the proboscis at its base. The latter aspect, at least for some bee-flies, is associated with the localization and exploitation of nectar from a variety of floral  © 2002 The Royal Swedish Academy of Sciences shapes. We also hypothesize that elongated proboscides increase the spectrum of accessible blossoms rather than restrict the diversity of the flowers visited.
